This paper presents a robust multiuser detector for combating multiple access interference and impulsive noise in direct-sequence code-division multiple-access (DS-CDMA) communication systems. A new M−estimator is proposed for robustifying the detector. The lower bounds for the explosion and implosion breakdown points of the proposed estimator are derived. For appropriate tuning constants, it is shown that the breakdown points attain the maximum possible value. The approach is also corroborated with simulation results to evaluate the performance of the proposed robust multiuser detector in comparison with the linear decorrelating detector, Huber and Hampel M−estimator based detectors. Simulation results show that, in highly impulsive noise, the proposed detector with the proposed M−estimator with significant performance gain outperforms the linear decorrelating detector, Huber and Hampel M−estimator based detectors in both synchronous and asynchronous non-Gaussian channels.
INTRODUCTION
In recent years, multiuser detection has attracted significant interest due to enhancement of performance it offers in communication schemes with present multiple access interference (MAI) ( [1] and references therein). Further, the problem of robust multiuser detection in non-Gaussian channels has been addressed in [2] and [3] , which were developed based on Huber and Hampel estimators respectively. The Huber's estimator [4] can limit the effect of gross errors; however, the effect may still have to be large enough to reach an unacceptable level. The Hampel's estimator [5] avoids this problem by setting up three regions to reflect the influence of gross errors with different magnitudes. We notice that big gross errors greater than a given threshold will have no effect on the solution as a sharp rejection point may corrupt the estimation when observations are not carefully treated due to low redundancy. Hence, in this paper, a new M-estimator is proposed and the lower bounds for the explosion and implosion breakdown points of the estimator are derived.
SYSTEM MODEL
Consider a baseband synchronous DS-CDMA system. At any instant of time the received signal comprises the waveform of L active users and the ambient noise [2] = is the user symbol vector
, and z is assumed as a sequence of independent and identically distributed (i.i.d.) random variables with a non Gaussian distribution. The probability density function of this noise model has the form estimators try to reduce the effect of outliers by less rapidly increasing function ρ of the residuals as 1 1 arg min
where ρ is a symmetric, positive-definite function with a unique minimum at zero. Suppose that ρ has a derivative ( ρ ψ ′ = ), called the influence function; then, the solution to (3) satisfies the implicit equation
An estimator defined in (3) or (4) is called an M-estimator.
BREAKDOWN POINT ANALYSIS

Proposed M-estimator
The influence function for this estimator is given by (Fig. 1) ( )
The choice of the constants a and b depends on the robustness measures derived from the influence function [3] .
Breakdown point analysis
Consider a general linear model 
with respect to ( , ) :
(0, )
we call the likelihood function is tuned; its minimization leads to the proposed simultaneous regression and scale estimators
. A solution of (9) satisfies the system of equations ( ) ( )
There are two types of breakdown of a regression scale estimator caused by outliers [6] : explosion, when the estimator of the regression parameters or the scale estimator goes to infinity, or implosion, which means that the scale estimator goes to zero. In accord with [6] 
,where the explosion breakdown point of C is defined by 
Proposition 1 (Explosion without implosion). Suppose there is a sequence ( , )
k r B r M ∈ such that estimates of the proposed estimator 
, and
Cases (a) and (b). If
is solution of (9), lying in Θ . Since it satisfies (11)
exp 1
, we have 
Simplification of (20) yields (
converges to 0 so that the limit of (9) gives
For cases (d) and (e), using (11), we obtain (
Proposition 2 (Explosion and implosion). Suppose there is a sequence ( , )
Proof. Let
, which means it is satisfied for atmost
. Then we have explosion with or without implosion so that the assertion follows from Proposition 1 and 2. The proposed estimator is regression equivariant:
for all r, X, and β . Hence, the upper bound (
, the maximal possible breakdown point within the regression equivariant estimator) for these estimators provides
where equality holds in the case
. Therefore, the proposed estimator with tuning constant
has the highest explosion breakdown point which is possible within regression equivariant estimators. A similar result holds for the implosion breakdown point. Since the proposed estimator is allowed to be equal to 0, the implosion only for data points
Proof. There are two possibilities: a) For almost all k ∈ » we have
. Using (11), we obtain 
Proof. The assertion follows from proposition 1 and 2, for any sequence ( ) 
Asymptotic performance analysis
The asymptotic probability of error for the lth user for the class of M-decorrelators defined by (4) is given by ([2] - [3] for details). 
SIMULATION RESULTS
In simulations, a synchronous and asynchronous systems (for this case, delays of the 6 users are randomly generated) with 6 users is considered. The spreading sequence of each user is a shifted version of an m-sequence of length 31. Fig.2 and Fig.3 show the probability of error versus the signal-tonoise ratio (SNR) corresponding to the first user under perfect power control for the four decorrelating detectors. These simulation results demonstrate the performance gains achieved by the proposed decorrelating detector with the proposed M-estimator over linear decorrelating detector [2] , minimax decorrelating detector with Huber [2] and minimax decorrelating detector with Hampel estimator [3] in impulsive noise. It is also observed that this performance gain increases as the SNR increases.
CONCLUDING REMARKS
In this paper, a new M-estimator based robust multiuser detection technique that is seen to significantly outperform linear decorrelating detector, minimax detector with Huber and Hampel estimators in non-Gaussian ambient noise, is proposed and demonstrated through computer simulations. The lower bounds for the explosion and implosion breakdown points of the proposed estimator are derived. It is also shown that the breakdown points attain the maximum possible value for appropriate tuning constants.
